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PREFACE 


A Space Shuttle Technology Conference on Flow Fields, Heat Transfer, Aero- 
dynamics, and Operational Flight Mechanics was held at the NASA Ames Research 
Center on December 15 and 1 6 , 1971. The objective of this conference *was to 
review the broad base of aerothermodynamics technology developed for the space 
shuttle during the period of the Phase B studies and, thereby, help focus 
attention on the technology required for further space shuttle development. 

This publication is a compilation of the conference papers. It has been divided 
into four volumes, one for each of the sessions. Five papers which were omitted 
from the oral presentation at the conference are included in this publication. 
Contributing organizations include U.S. Aerospace Contractors, Universities, 
Canadian and European Space Agencies, in addition to NASA Research Centers. 
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configurations tested were a low-fineness-ratio booster combined in tandem with a North American 
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ment would be used. 





LOW-FINENESS-RATIO BOOSTER MODEL 
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STAGE -ARRANGEMENT CONFIGURATION 
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Figure 4 
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orbiter, either by subtraction or by direct comparison with the booster-alone data. 
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TANDEM AXIAL INTERFERENCE EFFECTS 
(Figure 7) 
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MACH NO. 



TANDEM LONGITUDINAL INTERFERENCE EFFECTS 
(Figure 8) 
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a result of the orbiter d.awnwash acting on the booster lifting surfaces. 
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Figure 8 




TANDEM STAGE-ARRANGEMENT CONFIGURATION 
LONGITUDINAL INTERFERENCE EFFECTS; MACH 1.6 
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Figure 9 



PARALLEL STAGE -ARRANGEMENT CONFIGURATION 
(Figure 10) 
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LOW- FINENESS -RATIO CONFIGURATION 

(a) MATHEMATICAL MODEL 



Figure 12 






ISOLATED AND TANDEM VEHICLE INTERFERENCE AT MACH 1.5 

(Figure 13) 
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Figure 13 
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might be negligible, and the analytical predictions would be more applicable. Further expl 
tion of analytical methods is necessary before the prediction of loads on combined vehicles 
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LAUNCH AND REENTRY COMPATIBILITY 


JET CANARD BOOSTER UNIQUE CONFIGURATION CHARACTERISTICS 

(Figure 2) 
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The jet canard, which houses the cruise-back jet engines, provides a very effective high lift 
capability canard for longitudinal trim and control. This, too, will be discussed in more 
detail later. 
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Figure 2 



C.G. EVOLUTION 








44 

P 

0 

• 







0 

O 

42 

42 






4-1 

0 

42 

44 

44 




So 


•H 

a 

44 


00 


*4 


0 



u 


0 

0 


0 


§ 


So 

0 

& 

0 

0 


cd 


0 


£ 

CM 


0 

rH 


44 

So 



& 

i 

0 

£ 



i— 1 

i— ! 

u 



m 

O 

44 



0 

rH 

0 


03 

to 

•H 

0 

03 


CO 

0 

mh 


0 


44 

43 

O 


0 

0 



0 

44 

0 


43 


n 

CO 

0 



2 

o 

03 




P 

0 


0 

O 

o 

H 

Mh 


a) 




O 

& 

rH 

0 

O 


rC 

CO 

i— 1 


•H 

0 


0 



44 

•H 

•H 


4-1 


SO 

0 

44 




0 


0 

a 

44 

o 

0 


44 

CO 

44 


U 

o 

•H 


0 


cd 

•H 



O 

u 

S> 

44 

O 



42 

rH 


rH 

Mh 

0 

0 

U 


44 

Eh 

0 




H 

•r-» 

0 




44 



44 

00 


CM 


O 


0 


4-1 

MH 

1 

0 

1 


CO 

• 

O 


iH 

•H 

MH 

JP 

rH 



CO 

N 


> 

42 

o 

44 

r- 


03 

u 

•H 


0 

0 

T 




a) 

0 

*H 




u 

mh 

44 


44 

<0 

O 


00 

0 

0 

O 

P 


cd 


42 


1 

42 

44 


o 


o 

a) 



MH 

44 

0 

0 

43 


o 

M 

0 


O 


0 

O 

0 


f-4 

*H 

42 


l 

mh 

O 

•iH 




0 

4-1 


M 

O 


44 

O 



Or 4 



0 


0 

•H 

44 



a) 

03 


4J 

44 

rH 

03 



rH 

M 

0 


0 

0 

O 

03 

03 




0 


0 

o 

'iH 

0 

U 


P 

rH 



a 

a 

42 


0 



O 

SO 




0 

0 

£ 


O 


4-1 



o 

> 

42 

H 


a 

u 

•h 


0 

44 


H 

O 

/-“N 


0 

i> 


4-1 


0 


MH 

CO 

a) 

o 

0 


0 

0 

44 




M 

a 

u 


o 

44 

0 

• 

So 

0 

cd 


00 


o 

P 

rH 

42 

44 

U 


02 



« 

43 

0 « 

44 


P 

44 

0 

Mh 



*H 

a 

00 

> 

oo 


0 

O 


0 

M 

o 

0 

0 

•H 

cd 




42 

44 

o 

0 

M 

IH 

u 

So 

u 


4-1 

0 


rH 

00 

V_ / 

a 

4-1 

0 



O 

0 




n 

*H 

4-» 


mh 

O 

42 

SO 

MH 


*H 

rH 

0 


O 


44 

03 

O 


cd 

*H 

0 



0 


O 




43 

O 


44 

0 

O 

43 

H 


0 

0 



0 

0 

44 


0 


cd 

4-1 

0 


0 

•H 


MH 

44 



CD 

F0 


a 

00 

0 

O 

0 


(3 


4-1 


cm 

0 

e 


0 


o 

rH 



o 

0 

o 

44 

O 



0 



rH 


rH 

0 



1 — 1 

0 

0 


0 

44 

0 

0 

0 


•rH 

•H 

0 


S> 

0 


O 

42 


cd 

03 

0 


0 


0 

U 

44 


4-> 

0 



03 

O 

00 

0 




4-1 

00 



o 

0 

cm 

CD 


< — 1 

*H 

0 


0 

u 

M 

1 

0 


cd 

00 

•H 


42 


0 

CO 

> 


u 

0 

> 


44 


0 


O 


0 

O 




> 

44 


a 


o 

i— 1 

0 


0 

0 


44 



N 


43 


0 

0 

0 

P 

CD 


•H 

0 

4-1 


44 

42 

42 

o 



M 

iH 



0 


44 

43 

a 


O 

0 

00 


M 

0 


0 

0 


rC 

4-1 

0 


44 

rC 

u 


44 



u 

•rl 


0 

H 

O 

MH 



a) 

0 

a 


P 


MH 

O 

a 


42 

a 

0 


rH 




0 


4-> 


rH 


rH 

• 

42 

03 

00 



CO 

a 


•H 

44 

44 

M 

o 


03 

4-1 


• 


M4 

00 

0 

03 


0 

0 

so 

0 

0 

0 

C2 

0 

U 


0 

0 

43 

i— i 

K 


0 

0 

So 



a 


43 

P 

Jh 

rH 

o 

P2 


00 


03 

•H 

00 

0 





0 

0 

0 

0 

•H 

mh 

SO 

44 

03 


•h 

rH 

> 

0 

MH 


03 

0 

0 


£ 

O 

0 

O 


o 

O 

*n 

0 



•H 

•H 

CM 

0 

0 

43 




a) 

42 

43 


iH 



0 




0 

a 

0 

42 

0 

MH 

42 

O 


H 

> 

0 

0 

H 

iH 

O 

44 

rH 


Jk2 



CG EVOLUTION 
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RESERVES 



TRENDS IN C.G. LOCATION AND TAIL/WING SURFACE RELATIONSHIPS 

(Figure 4) 
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(Figure 6) 
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ANGLE OF ATTACK, a (DEG) 


CANARD BOOSTER - CANARD LIFT REQUIREMENTS 
(Figure 10) 
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tion, jet reaction, and supercirculation. As envisioned, the cruise-back jet engines would be 
buried in the canard. The inlet, with retractable doors to protect the engines during launch and 
reentry, would be at the leading edge of the canard and all the engine airflow would be 
exhausted over a flap to provide the necessary jet turning. 
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TRIMMED AIRCRAFT LIFT COEFFICIENT, C L 

Figure 10 



CANARD BOOSTER - JET CANARD CONSIDERATIONS 
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The limited amount of wind tunnel data relative to ground effects with jet flaps indicate a 
reduction in lift near the ground. The magnitude of this reduction may determine the amount 
of jet deflection required for control during the landing flare. 
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Figure 11 
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Figure 12 
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JET CANARD BOOSTER - LANDING FLIGHT PATH CONTROL CAPABILITY 

(Figure 14 ) 


X 

3 


X 

O 

co 0 

•rl X 
CO 

£ s 

cd 


a) 

D H u 
CO 60 X 
cd S3 X 
a) cd * cu 
x x 
0 a) 3> 
O M pH 


•rl 0 

a o 
60 a 
o 

a <u 


fi X! 'd <U H 

(ti O a MO 

cd 


o 
x 52 
cd 


a) 


cd 
<U M 
X X 



55 60 

x a <u 

•rl rl O 


CO 


a 

o 

•rl 
X 

cd 
x 
3 
60 X 
X S 3 
x cd 


40 

a) 

co 

X 

St 

O 

cu 


CO 
• X 
X O 
CO (3 
Q) CU 0 M 
CU rH X 
O 60 53 00 


CO 


4-> CO 


<U 

H a) a) 

60 53 oo 
o 4 -* 

>,X 

60 rH o 
0 x 


cd 


60 O cd 

cu e 

QJ rH 
(D 4-1 44 
X <U O 


0 
O 

50 . . 

cd x 
a) 

CO HU 


40 O 

cd o 

50 


40 40 CO 


CU 

CO 

cd 


V-i 

o 

'jj 

<U 

1 — 1 
60 

•V 

V 

5 

O 

<u 

Q) 

60 XI 

\ CU 

40 


•rl 

X 

CS 

CO 


o 

rH 

S 3 

CU 

40 

co *n x 04 

04 

X 

•rH 

cd 

o 

cd 


60 -rl 

X 

40 a 

<U 

CU o 

CU 

rj 

|> 


•rl 


60 


a 

1 

0) cu 

a> cu 

^ r 2 


§ 

o 

0 

40 

o 

a 

cd 

x 

<U 

•ri a 

04 53 

o cd 

X 

> 

04 

o 

CO 

40 

X 


<u 

0 ) 

04 

60 40 

53 KO 

cd 

£ 

Co 

•rH 

X 

0 

X 

0 

40 

04 

<u <u 

<0 

CO 60 


o 


40 

04 

•rl 

a 

O 

CU 

53 

53 CUX X 


cu 

o 

40 

a 

CU 


cd 

•rl 

X) 

40 

40 | 

s 

CO X 

rH 

a 

CO 

<D 

40 

CO 

rH 

40 
r \ 

< 1 \ 

m 

0 

1 r\ 

CM Cd 

£ X 

n r! 

CJ 

•IfI 



5 * 

CO 

cd 

40 

S> 


CO 

a) 

x 

CU 

cd 


40 

CU 


a) 

53 

40 

40 

cd 

53 


o 

co 


X 

<u 

04 

•rl 

0 

XT 

0 ) 

X 

CO 

CU 

rH 

60 

3 

0 

o 


a 

cu 

rH 

x 

<u 

XI 


<u 

60 


rL-i 

40 

CO 

!“1 W 

Cu -u 

CO 

a 

04 

04 

0 a cd 

cu 

CO 


X 

60 cd 


X • 


cu 


a) 


S 

cd 

60 

o cd x 

53 


CU 


0 53 

• 

cd x 

M-( 

04 

s 5 

a 

40 

X 


CU 

xxx 

X 

<u 

53 

m 

o 

X 

x cu 

o 

0 

X 

cd 

CO 

53 

cu 

X 

x x cd 


53 

X 

CM 

i — 1 CO 

s 

•rl 


10 


04 

X 

o 

04 


x cd 

X 

X 



X 

0 

0) X 

CU 

cu 

(5 

cd 

a 

04 

31 

m 

cd x 

13 



0 

o 

o 

X X 

CO 

3 

o 

o 

0 

•H 

cu 

•H 

cx 

60 X 
X 

cu x o 
o 

cd 

60 

X 

X 

cd 

53 

X X 

cd x 

X 

cd 

cd x 
cu 


04 

40 

CU 

§ 

<U 

X 

X 

cd cu 

co 

0 

o 

X 

e a. 

l 

a) a 

CU 

cu 

a 

53 

0 

53 


cd 

CU X 

cu 

X 

52 


X 

o 

a x 

55 


0 

40 


X 

cu 


X X 60 

cu 

X 

cd 

CO 

X <u 

60 

•rl CO 

40 

(5 

X 


X 


53 

X 

cd 60 0 

X 

X 


CO 

CU 53 


X 


o 

CU 

4-4 

o 

CU 

X 

cu 

(3 cd 

60 

cu 

60 

cu 

H 

<U 


53 

•rl 

04 

0 

x 

> 


X 

cd 

CU 

CO 

0 

t — 1 

CU 

53 

O X 

40 

40 



cu 

X 

0 

•rH 

X CU 

X 


X 


53 

X 

0 X 

•rl 

cd 

cd 

0 

cd 

o 

X 

X 

X 60 53 


X 

X 

o 

X • 



£ 

40 


o 


CO 



0 X 

m 

CU 

0 

X 

X 

60 

x cd 


(5 

X 

•rH 

cu 


X 

CO 

o x 

X 

£ 

cd 


CO CU 

0 

cd o 

X 

cu 

0 

40 

53 

o 

CU 

0 

X X * 


o 

X 

X 

cd 53 

X 

X 

Q) 

CO 

cd 

o 

X 

X 

X 

O 

0 CO 

0) 

04 


cu 

CO 

X 

X X 

4 _J 

0 ) 


ci 



cd 

> 

X O X 

X 


cd 

a 

CU X 

0 

cd x 

cd 

u 

40 

3 

CO 

a 

04 

<U 

cu CX, O 

X 

CO 


0 

cd x 

X 

53 S 3 

•rl 

rv U—i 

4-4 

•rl 

cd 

X 

X 

04 CO £ 

0 

X 

60 X 

X Cu 


X 60 

a 





04 

CO 

<U 

x <u M 

X 53 

0 

CU 

x a 

X 

•rl 

o 

cd 

X 

cd 

0 

60 

33 


0 X 


X 

X 

X 

o 

cu 

a) co 

CO 

40 



a) 

o 

X 

CU 

X X o 

X 


X 


X CJ 

£ 

4 J 

co 

cd 

(5 

CO 53 

04 

X 

53 

a) o oo 

O 

X 

0 

CO 

<U o 

o 

O co 

<1 

X 

•rl 

•rl 

X 

IX 

X 

X 

x a x 

S 3 

< 

Q 

X 

*r-) cd 

Pu 

13 X 


764 



JET CANARD BOOSTER 
LANDING FLIGHT PATH CONTROL CAPABILITY 

GW= 610,000 LB SEA LEVEL STD + 10 # C 


O 

in 



£ g 
o *- 

Q O 
Lii 


tr .-i 
< k 



UJ 


LJ 


isnani xvw % 



00 M" O ^ 00 CM 

' 1 I 

(930) ' 3T9NV HIVd XH9IU 


765 


TRUE AIRSPEED (KTS) 



JET CANARD BOOSTER - LONGITUDINAL TIME HISTORIES DURING A FLARE MANEUVER - ELEVON CONTROL 

(Figure 15) 
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Figure 15 


JET CANARD BOOSTER - LONGITUDINAL TIME HISTORIES DURING A FLARE MANEUVER - JET FLAP CONTROL 

(Figure 16) 
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JET CANARD BOOSTER - LONGITUDINAL DYNAMIC CHARACTERISTICS 
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LATERAL-DIRECTIONAL REQUIREMENTS 

(Figure 20) 
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JET CANARD BOOSTER - COMPARISON OF STEADY SIDESLIP CHARACTERISTICS 
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Neither configuration can meet the 30-knot crosswind landing requirement without crab. With 
five degrees of bank angle and no crab, the allowable crosswind is about nine knots. About 
nine degrees of crab would be required for a wings level landing in a 30-knot crosswind. With 
five degrees of bank the crab angle is reduced to about six degrees. 
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Figure 22 
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drag impact of the small elevon deflection, minimizes the penalty. On the basis of these and other 
results, the proper design approaches to minimizing the trim penalties now appears to be understood. 
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of the increased landed payload weight, the W/SCp of the Mark II vehicle will be increased and thus 
it will be the critical design case. 
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vehicle because of increased landed payload 'weight, the Mark II vehicle would have a smaller range 
approach speed margins available, making the Mark II vehicle the critical design case. 
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BASE LIKE STUDY CONFIGURATION 
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NOSE CROSS-SECTION EFFECTS 
(Figures 4 and 5) 
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This study has shown that for the types of shapes tested, the nose cross section can he altered 
because of design requirements without a major impact on the hypersonic aerodynamics. The selection o: 
a particular cross section should therefore depend on other considerations such as aerodynamic heating 
and effects on aerodynamics at lower speeds. 


NOSE- CROSS -SECTION EFFECT ON THE LONGITUDINAL EFFECT OF NOSE CROSS SECTION ON LATERAL- DIRECTIONAL 

STABILITY OF THE BASELINE ORBITER STABILITY DERIVATIVES OF BASELINE ORBITER 

M-20, R, -2.4X10 6 M = 20, R, =2.4 x 10 6 , 6„ = -10° 
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NOSE -PROFILE EFFECTS ON THE LONGITUDINAL STABILITY OF THE BASELINE ORBITER 

(Figure 7 ) 

the nose lower surface ramp on the vehicle with trapezoidal nose cross sections 
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Figure 7 



YAW DUE TO ROLL CONTROL 
(Figure 8) 
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on it decreased which, in turn, reduced the adverse body-axis yawing moment. Oil-flow test results 
showed some tendency for flow impingement on the upper surface of the elevon differentially deflected 
upward (right outer elevon in sketches); this condition increased the axial force and resulted in a 
proverse yawing-moment increment. 
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The wing -upper -surface flap provides sufficient yaw control to improve significantly the vehicle 
handling qualities in the hypersonic part of the entry. There does not appear to he a significant 
weight advantage either with or without the flap. 



PRELIMINARY SIMULATOR EVALUATION 
WITH AUGMENTATION 
6-DEGREES-0F-FREED0M FIXED-BASE SIMULATOR 



827 


Figure 13 



Recent tests and analyses of hypersonic data and simulator studies have led to the following 
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WING SELECTION FOR SHUTTLE ORBITERS 
(Figure 1) 
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requirements to protect the aluminum primary structure. The weight of the TPS materials is 
combined with the basic structural weight of the wing to define the total weight of the wing 
system. Evaluation of the total weight results then identifies the most favorable candidate 
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WING GEOMETRY 

TAPER RATIO = 0.13 






AEROTHERMODYNAMIC ENTRY ENVIRONMENT 
(Figure 4) 
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WING SYSTEM WEIGHT BREAKDOWN 
(Figure 5) 
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Figure 11 
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Note the asymmetry of both due to the negative yaw angle of Figure 2b. 


HYPERSONIC LEESIDE FLOW PATTERNS (NAR ORBITER, M = 7.4) 
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15 DEG , 0 = -5 DEG B. a = 30 DEG, 0 = 0 DEG C.a = 45 DEG, 0=0 DEG 
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HYPERSONIC LEESIDE FLOWS 
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subsonic delta wing flow with a vortex bound to the leading edge. Increasing the angle of attack 
still further results in a breakdown or burst of the bound vortex near the trailing edge. Finally 
at still ] arger. angles of attack, the leeward flow separation takes on a complicated three- 
dimensional, wake-like character (Type 5). 


HYPERSONIC LEES IDE FLOWS ON A PURE DELTA WING (M = 10. 16) 
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Figure 4 


COMPARISON OF EXPERIMENTAL LEES IDE FLOW BOUNDARIES 
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The data in Figure 5b were measured on a double tail configuration (Ref. 19)- However, the 
relative spanwise shock position (tfe/b) was measured at a chord station that appeared to be unaffected 
by the leading edge-fuselage interaction or by the wing-tail interaction; that is, where the 
separation line was relatively straight. 
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A) PURE DELTA WING, M = 10. 16 (REF. 20) 6) NAR DELTA ORBITER, M = 7.4 (REF. 19) 
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EFFECTS OF LEESIDE SEPARATION ON LONGITUDINAL STABILITY 



A) PITCHING MOMENT INCREMENTS 





EFFECT OF LEESIDE SEPARATION ON ROLL STABILITY 
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etc.)* The dominance of viscous effects will have a particularly strong impact on the dynamic 
characteristics. 



EFFECT OF LEESIDE SEPARATION ON ROLL STABILITY 





COMPARISON OF LEESIDE FLOW BOUNDARIES WITH a TRIM SCHEDULE 

(FIGURE 8) 
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COMPARISON OF LEESIDE FLOW BOUNDARIES WITHa^^ SCHEDULE 



(930) D 
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MACH NUMBER, 



LEADING EDGE VORTEX LAG MEAStl 
(FIGURE 9) 
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LEADING EDGE VORTEX LAG MEASUREMENTS 



A) COMPARISON OF STEADY AND UNSTEADY VORTEX POSITIONS (REF. 26) B) VORTEX POSITION AS FUNCTION OF TIME FOR PLUNGING DELTA WING (REF. 27) 











ESTIMATED ROLL DAMPING CHARACTERISTICS AT M = 6.0 FOR NAR ORBITER 

(FIGURE 10) 
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COMPARISON OF PRESSURE DISTRIBUTIONS FOR SUDDEN SEPARATION 

(FIGURE 12) 
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(b) EFFECT OF SUDDEN SEPARATION ON SECOND MODE 
DAMPING OF SATURN I W/JUPITER NOSE (REF. 33) 
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avoid the flow phenomena altogether, as will be discussed later. 
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the windward wing-half with its lesser effective sweep angle. 
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Vortex burst is certainly to be be avoided considering these adverse dynamic effects. Fortunately 
all the proposed shuttle vehicles fly at angles of attack well below those for severe vortex 
burst effects. On the other hand, vortex burst is sensitive to back pressure such as would be 
produced by the deflection of a trailing edge control surface. Thus, a careful analysis of the 
problem is needed. 
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HYPERSONIC CONTROL INTERFERENCE 
(FIGURE 17) 
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effectiveness below the Newtonian windward side value (i.e., a more stable AC than 

m 

predicted by Newtonian theory for 6 = -10 ) . At the high deflection 6 = -30 the mixed 
flow field may still occur, but the overall force data is not sensitive enough to detect 
it. Generally, the leeside effects seem to vary less drastically and Newtonian theory 
seems to predict the a -trends rather well. 
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VORTEX BURST INDUCED BY DOWNSTREAM OBSTACLE (REF. 38) 
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UNSTEADY AERODYNAMIC FLOW BOUNDARIES SUPERIMPOSED ON 
SHUTTLE ENTRY CORRIDOR 
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Edney-ef f ect , i.e., bow shock-wing shock interaction, is another interference effect that can 
cause problems (Ref. 51). However, the problem is mainly one of increased heating and is not 
causing any substantial vehicle dynamics problem. In addition, it is not likely to occur as 
readily for the delta winged vehicles as for the straight winged ones, where it is unavoidable 
unless the angle of attack is very, very large (Refs. 52 and 53) • 
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(b) ELEVON INDUCED MOMENT a ( DEG ) 

WINDWARD DEFLECTION, a-15 DEG, (REF. 22) (c) PITCH DAMPING RESULTS 
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FOREBODY VORTEXfTAIL INTERFERENCE 
(FIGURE 25) 
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The effect of forebody vortices, both the local effect at the nose and the induced effect at 
the tail, are statically destabilizing in yaw, which can result in a sustained spin or would 
require large amounts of reaction control propellant to maintain stability (Refs. 65 and 66). 
Thus, it appears highly desirable to eliminate or minimize these effects, if at all possible. 
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leading edge planform and convexing the upper surface could lead to some optimum design (Refs. 
69, 70,71). Increasing sweep also eliminates the dangerous mixed leading edge flow condition 
shown earlier (Ref. 72, Figure 27b). 


PLANFORM MODIFICATION ALTERING THE STALL BOUNDARIES 
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A) EFFECT OF PLANFORM MODIFICATION ON BURST LOCATION 





USE OF STRAKES TO MINIMIZE FOREBODY VORTEX EFFECTS 

(FIGURE 28) 
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USE OF STRAKES TO MINIMIZE FOREBODY VORTEX EFFECTS 




EFFECTS OF VARIOUS CONFIGURATION MODIFICATIONS ON SHUTTLE DIRECTIONAL STABILITY 
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EFFECTS OF VARIOUS CONFIGURATION MODIFICATIONS ON SHUTTLE 

DIRECTIONAL STABILITY 
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SUMMARY OF SUGGESTED ORBITER MODIFICATIONS 
(FIGURE 30) 
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In the case of spoiler design great care has to be exercised that it will not revert to a 
pre-separation device (Refs. 5, 84, and 85). This presents a real problem when covering the 
ct - f3 -M range for the space shuttle vehicle, including the transient effects during the transition 
maneuver. A "spoiler design" utilizing a flap located at quarter- or mid-chord is probably 
the best way of avoiding these dangerous preseparation effects. 
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This is a relatively simple matter of shaping the body cross section or adding strakes. 

A careful review of the unsteady flow problems of the delta wing shuttle orbiters indicates that 
there is every reason to believe that the problems can be dealt with successfully. 



Woods, P. and Ericsson, L. E., n Aeroelastic Considerations in a Slender Blunt-Nose, Multistage Rocket" 
Aerospace Engineering, Vol. 21, No. 5> May 1962, pp. 42-51 • 



oa 





# 








0 


- ON 

to 




CQ 



-P 


NO 


'B 

0 

0 

P H 


0 


ON 

. 


rH 

Pi 1 



•s 

ft 

ft 

O 

cd 

bo 

•H 

P t> 

•v 

O 



0 

ft 


P 

0 

ft sO 

0 

O 


-P 

> 

. 

0 


CQ 

cd I 

-P 

CP 

. 

0 


bDO 

P 

ft 

3 

CO O 
C°\ 

0 


ft 

O 

S) 

•v 

0 

A 3 

0 

tS) 

cd 


0 1 

0 

P 

> 

P 

ft 

ft 1 

•H 


nO 

«P 2m 

O 

cd 


< 

0 

ft to 

rH 

Vl 

0 

-P 

« 





O O 

•H 

O • 

0 

ft 



0 


0 

ft 

ft 

» § 

O 

Vl Pi 
O O 

1 

<H 

cd 

*0 

ON 

C°\ 

& 

Ph 

• 

cd 

ft 

O ^ 

ft 


P 


cr\ 

ft ft 

W • 

*d * 

O 

0 0 


0 

O 

ft 

ft 

0 ft 

E> 

R H 

ft 

O ft 

•P 

0 

O 

1 

P 

& - 
cd r- 

0 on 

S3 


•H 

ft * 

E 

O 

cd 

& 

g 

cd 

P rH 
cd 1 




P 

ft 

ft 


ft 

0 NO 

rH (V 

Q « 

0 

0 

u § 

O 

0 

co 

§ 


•y 

ON 
0 ft 

ft cn 

0 ft 

•H 

0 ft 

O 

• 


<d 

p 

•H 

ft 

rP 

to 

-p g 

cd 

ft 

-P 

8 

0 

ft ft 

ft • 

-p * 
in 

ft 

0 0 
cd 0 

ft 

co 

•v 


•V 

0 

0 

i g 

•H ft 
> ft 

p so 


P» 



P 

— 

cd 

0 p 


O ON 

ft • 

AS 

• 

0 

O 

0 

P< 

ft s 

tO ^ 

1— 1 

s 

ft 

0 

0 

0 

CO 

P 

0 0 

0 

P nO 

0 cd 


ft 

O 

0 

ft -s 

ft *> 

-p -P 

rH On 

ft 


R 

0 

A 

Vi 

• 

^ ON 

0 0 

PP rH 

0 co 


3 

ft 

O 

v cn 

•rH 1 — | 

0 p 
ch 5b 

P P 

Sc* 

0 

TP 


co 

0 


0 

§ h 

ft 5 

££ 

0 

0 

Q 

. 

P 

ft 

P 0 

0 P 

ft <d 

cd 0 

O 


ft 

ft 


0 

0 cd 

_ JL 

° # 

rH 0 

ft 

0 



*H 

<d H 

p 

0 

© H 

>> 

ft 


— 

ft •* 


O H 

> O 

O -H 

cd 

O 


P 

0 

cd 

0 ft 

•h p 

O 0 

P 0 

ft 

ft 

0 


0 

O 

& 0 

ft ^ 

H Q 

0 0 


2 

0 


•rH • 

0 ft 

p 

ft 

**i! 

P 

0 


Vh 

H 

ft ft 

rH 

Pi * 


0 

> 

3 

O 

3 

ft O 

ft * 

cd * 

Td 00 

0 

ft 





ft> 

O • 

PW 

0 on 

rP TO 

P 

p 


0 


P cv 

0 

-P on 

EH 0 

0 

0 

p 

-p 

Q 


Pm 

CO • 

cd m 

= 0 

ft 


•h 

0 


P 0 

. 

_ O 

P 1 

ft 

CO 

0 


0 

0 

<3 -p 

r>> O 


cd CO 

•'ft 


-p 

0 

Vi 


c 0 

ft » 

O 

ft 

• 0 

t>* 

0 

© 

to 


•rH 

H 

0 CO 

<d 0 

ft 

0 

•H 

0 

0 

rH •» 

ft cv 

CO ^ 

ft 


V 

ft 

ft 

• 0 

•rH O 


52 ; 

• 

ft 

'P 

& 

0 

cd 

W CP 

ft 

Vi • 

Vi 

ft •* • 

0 

h 

•d 

0 

cd • 

O H 

O ft 

= I s * 

0 



g 


• to 

ft 1 — 1 

^ P 

O 

TO VO 

P 

p 

P 

3 


ft P 

co 0 

0 > 

0 cd 

Pi P on 

P 

0 • 

O 

P 

cd 

> 


0 P 

0 0 ft 

O 

ft Cr\ 


F> 

ft 


0 

0 -s 

•H ft 

ft p 



0 

ft 

P 

P ft 

•I— 1 ^ 

0 

g P 

ft ft r’N 

r>» 

ft 

0 

0 

O Vi 

g 0 

H -P 

3 0 

P CO ft 

-P 

ft H 

cd 

P 

| 

0 cd 

3 ft 

cd 0 

a 0 

0 P 

ft • 

ft | 

0 

0 

0 

0 P 

P 0 

2 ft 

S _ 

d p h 

ft 

<d vo 

ft 

< 

CP 

0 0 


-3 0 

Q <d 

0 cd 

ft t> 


— 



•H 0 

Q O 

= 0 

= CO 

0 * 

ft 1 





P O 

= O 

ft 


TO rH VD 

cd ^ 

"* H 




ft cd 


•> 

•'S 

P !>> ft 

-P ft 


. 

• 

• 

ft 


• 'O 

• 

erf cd 1 — 

0 

Pm • 

ft 

Pm 

Pm 

TO CO 

• TO 

Pm § 

ft 

PH ft 

P • 

ft 


p 

^ § 


1 — 1 

^ \Q 

ft ft 

• ft 

. . 

• 

• 

3 ■ 

• 

• 1 

• 0 L 

ft 

ft 

ft to 

ft 


ft 


•“3 -P 

Pa in 

•”3 *H ft 

0 


ft 


nD 

r\ 

*“3 ft 


NO 

P u 

ft •* 

»*\0 

•s m 


•vtO 

. *\ 


1 

• O 

-P t> 

bOsO 

P 1 

bD 

bOU^ 

ft = 

bO P 

bOO 

S O *v 

0 ft 

P On 

0 ft 

P 

P 1 

P 

bD P 

P O 

P CO 

ft to 

0 ON 

ft rH 

0 ft 

ft 

•H in 

• O 

P O 

•H 0 

•H 1 

•v pq ft\ 

ft ft 

ft 

0 u~\ 

ft 

ft £> 

ft *H 

•H 0 

TO 0 

TO CV 

ft cv 

0 

0 P 

0 

0 

0 in 

ft 

TO 0 

0 Cd 

0 

0 ft ft 

p f? 

0 

ft • 

CP 

CP 

* O 

0 cd 

ft ft 

PS ft 

p -p ft 

ft 

P ft 


bO p 

CP ft 

CO 

Pi 

0 -H 1 

0 cd 

ft O 

ft ft 

ft 

ft ft 

P TO 

CO 

TO 

TO O 

P. > to 

< P 

P P 


P 

P ft 

•H 0 

TO 

a • 

P ft 

ft 


cd 0 

ft ^ 

cd 

cd 

TO ft 

p • 

od »“3 

cd 0 

0 CO 

3 

O 

P 



0 

Cd 1-3 


ft 

•* ft 

•s ft 

•s 

cd \0 

* 

^ 1 H 

ft cd 

• ^ 

. 

• 0 s 

. 

. *» 

O 

• 

• 

ft 

. *N 

w = 

w 

ft ft 

w - 

ft O 

^ ft 

W 

ft ON 

•* cd 

ft = 

P 


ft -p 

ft 

H 

• 


ft 

ft ft 

0 

. 0) 

• p 

• 0 0 

. 

. 

Ph ft 

. 


s 

• 1 — 1 

ft ft 

ft cd 

ft > Cd 

ft • 

ft * 

ft 

ft 

ft © 

rH 

ft 0 

0} 

ft 

P 

0 

0 

• P 


P 

. 0 

p 

•* 0 

* g 

•'ft -P 

•'S 2 ; 

•'S 

ft ft 

•V 

^ P 

Q P 

•V ft 

p 0 

p 0 

POP 

p 

P 

<d 

p 

P ft 


p p 

O pq 

0 0 

0 p 0 

0 •> 

O -V 


0 

O 

** 3 

0 0 

0 

0 

0 p O 

0 -<* 

0 0^ 

bO ^ 

0 

0 -s 

P eh 

0 O 

CQ <D 

0 0 

0 cd 

0 

0 

P 

0 

0 NO 

0 

0 

0 0 

0 0 

O ft < 

O • 

O * 

ft 

O 

O 

£ TO 

O ft 

•H cd 

•H cd 

ft co 

ft ft 

ft H 

ft • 

ft 

•H • 

O P 

•rH 0 

P ft 

P ft 

U pq <H 

P O 

P 0 

0 0 

P 

P O 

0 -H 

P rH 

ft CO 

ft CO 

ft ft S 

ft > 

W > 

CP s 

ft 

ft S 

ft ^ 

ft ft 


# 

# 

* 

# 

. 

# 


d 

rH 

cv 

<T>i 

-4- 

ir\ 

nO 

r- 

to 

ON 

rH 

rH 


925 


12. Ericsson, L. E., "Universal Scaling Laws for Hypersonic Nose Bluntness Effects", AIAA Journal, Vol. 
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EXPERIMENTS ON THE DYNAMIC STABILITY OF THE SPACE SHUTTLE 
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Figure 2 


EXPERIMENTAL ARRANGEMENT FOR STATIC AND 
DYNAMIC INTERFERENCE STUDY ON SHUTTLE 
ABORT SEPARATION 


ro 

<D 

P 

G 

tn 

*P 

Pm 


1 

T3 

G 

X p 

fd 

X CD 

P 

fd x 

* CD 

P G 

X X 

O P *P 

G X 

CD CD 

CD O 

U X O 

G 

fd xp 

0 CD 

CM 0 X 

CMX 

co rd 

g X 

CD X 

0 

CD X CO 

a x 


. . X 

X 

X X Td 


G 

-a 


O Q)X! 
X -P 
CO >1 to O 
X 


cd 

x 

x 


•p g cd 
6 CnX 
*P G X 
X -P 


x o x x w 

O P CO o x 


G 

O 

■H 

X 

O 

g 

>1 

p 

O 


X 

g 


CM*P 


fd 


a) 


Td CD iH 


~ - o . . 

a) x cd g -p 

c -p^q aj u 

o co co 

a >< >i <d o 

g X fd P 

o g cm <d 
o Td x 
a) a) >,x 
x co u P 

o 3 g fd >i 

fd fd a) g x 

Q) o p o 

cd *p Td 

cu mm 

p _ 

<u -p 

x 
G 
-p 


a> o 

> c 


g 

cd 

G 


cd 
< d co 
G 
co rd 
o 


fd mm 
g 

G 
O 


co 


CD 
XI 

P X -P 
CD O 

-p G >iX 
G CO XI U 
■P *H *P 

x x Td X 
fd cd o cd £ 
p X co 
fd x co g *+ 
CM o <d cu 
cd >i a u o 
wxi-h g 

X CO CD 
•p ^ -HP 
P (U O 0) 

O -P £ XJ MM 
X O EH O P 
•H CD 
XI -P 
£ G 
-P -H 
G 

GQJ(D(U 
H XI G O 
0 G 
rH ^ <D 
6 P 

O CD 
U MM 


fd CD 
Mm 
G Mm 
fd fd 


•H 

£ 


5 

i# 


g 

• o 

mm >1 p Td CD O 
CD P MM CD X! X 
CD 

~ >~ 

CD T5 G 
G CD -P 
tFX 
•P G rH 
G G 
X! 

O 

a) 
x 


P -P CD 
G Td XI 
co X CD X 

fd x x 

CD O U Mm 
g X fd O 
X 

CD XI X CD 


CD 

O 

fd 

mm co p 
o p cu 
•p co 

co o -P 
GOO 
fd 

CD X P 

S x fd 

tn i — i 
>i*p o 


CD 

tn o 
G G 
•P CD 
X P 
fd CD 
X MM 

a) o p 

T3 rP X P CD 
• CD fd X 

tnX G G >1 G 
G O -P fd X -P 

p fdo o 


O-PX tn fd Td X CD 
g G G 
O O O 
CD X X p 


p fd 
fd 


CD 
Td x 
o MM 

g fd 


X 
CD X 
p 

fd co 


H £ 

to top I 

*P X CD X 

G Td X , J 

* O O tnX X 

G g -P x 

P CD 


_ P X g 
tJ'aXXH 
G co fd 
fd 

CD co 
CD X 'P 


- CD 
tnTd 
G O 
O g 


Td 

CD 

P X 
CD P 


G 

fd 

O 


X 

G CD Td CO 

CDGXOJ OOOGP 

__ co X X X X X Ord-P 

IpinCDW XO CD g X 
fd G G X tn iH 

cm-p oopidOPfdcDXou 

x-p G-P CD OX Idh 1 
X fd x fd x ^cd fdopx-px 

UXOd^PXXX 
■ " ' p 


X o 
rH CD CN 
fd o 


x fd _ 

G CM £ g 

CD g X CD 

u -P x 

CD X 

O O to MX 

CD -P X -P X G 

g -P (D 

P fd CD ^ CD 

d G too P ^ 

> >1 CD G O X 

dlGXX CD 
CO -P -p O X 

■p CD X rH g 

X CD CM CM 


GXO 

o 

■P p x 


CM G 
CD CO O 
X 


X 

X 


*P -P o 

_ P x -p 

CD fd CD ^ X rP 

rH Td £ * 

X X Td P 

O X CD CD CD Td 

G O X X G 

CD X fd X CM fd 

CO CO rH O 

G CM X Td «P 

CD to U fd H 

CO X -P 


fd 


X 
P CD 
O CP CD 


I 


nj (dm a 3 45 

rQ Qj O O (d -M 


a) +> 
> 




g 

t) -H M ft I 

■H -P 

g <d to 
<3 45 -H 

C CO 


to 


•h m 

(d 


„ tO -H 

<d p x! 

o to 
fi c 

. ^ o o 

M 45 O M -H 

3 ^ C 45 +J 

Cn • A* O (d 

H — +J J 5 rH 

<u o cd >i a) 

K* 

P X 
CM o fd 


G X 

- -P G X rH 
fd G CD fd CD 
‘ g x P 


G X 

o fd 

O rH 

CM 


co p 


G P 


fd >1 >i G tnX-PX 


fd 

G 

O 


X 
fd x co 
g o-p 


^ fd 


•y v ' » 

g O to 


0) ^ 


tu-pro^c^'aido-Htop 

a) >i o 

id ftid c o) . 

x & (u 45 m 
a) ^ -P <u 
td -h 

o m 

c o 


G O QJ (U 

O -P G >d 

G O 
H'd d e 
„ . <u a) +> i 

d) 45 T) 45 i m 

G £ O O rH 


-P to 45 
G -P O 
d) G -H 


O g (d 

g a. <d +> 

(d g -P <d -p 

P O (d 45 (d 

P O <H Eh 

(d CU 
O 

3e G • 

-P O 


G 45 
O O 
■P *P 
X X 

o ^ 
g 

p 


fd 

CD 


g 

o 

p 


CD 


*P X u 


G fd >1 o 


rH 

fd 

X 

G 


■P X P 

£ o 

CD X 
CD X fd 
to x X H 

■p X rH 

G P to 

^d-p o o 

*P rH p G CO 

CDXfdCDfdtnOOX 


X 

£ 'O CD 
CD P 
X ** G CD 
fd TJ -P X 
HHidP 
H CD X CD 
P -P X X 
O X O G 


O CO 
■P *P 


cd x a £ x 

g X Q) CO CD 


G -P 
■P G X 


•H HH OX P< (D tn^J 


P X X CD O fd CM 
(D O CD G X H co 
04 P G O. 

X to 3 0 g >— i 
d)iH(d+>OGPd)_ 
d) I O O G P 
dJ'dO'dp-Hmom 

& O -P G 

■P 

& 


G fd 
tn g 
id 


a 

•p 
H X 
CD fd 
X 
CO 


CD 
CO 

G o fd 
O X X 
■P CM 

x Td 

O CD CD 

od gxx 

O X 
>1 CD 
p G Td 
. O G G 
P O X o 
g fd o 


CD CD 
X 
G 
G 


fd 


CO 

G 

o 

G 
O 
P 
X 
o o 

■P G 


CD 

> 

•P 

P 


Eh g 
\ CD 
X CO 
rP O 


CD X -p 
X O O X CD 
•p CD G rP 
X H p Td CD 
_ CD p X O G 
fd «P X O CD *P G 
fflox — pfd£fd 


lx G O CD 

O *P x co 
G CD X -P 

CO CD U 

X G X H 

G X (D X CD O Td 

hP Td *P Td 

nd -p £ o 

, CD G O — g 

lx fd G 

fd -P CD p 

H CO X CD 

CMCD CD fdX-P w w 

o X rP x X O T3 

GGEnCMO^Ofd 
O fd 

^ .. XX rP CD - 

O co IX co • CD X 

g u -P Td G X 

CD CD Td CD G 

CD X P -PjdCOXXG 

xxxGPXXfdOfd 

X CD O fd G Ip u 
PP-P>TdCDrHCO 
G 


G 

fd ... 

p >1 
CD X CO 
rH G 
CD CD 


(D g 
G G CD 

o fd x 

■p 


X 

o 

CO CD 
Td X 

o 

X >i 
x fd 
a) g 
g 


G 

0 

•P 

X 

fd 


g 

fd 
P 

O 

«H P 
H CM 
•p 

O CO 
CO -P 

0 X 

1 X 
Td 

0) P 

o o 

P X 

o 

X Td 
CD 

CD >i 

X O 

X rp 

CM 


Td 

G 

fd 


g 

CD 


CD 

P 

CD 

£ 


G 
O 
■P 
X 

fd x 

rH X 
rH O 
*P X 
o 

co X 

0 o 

1 -p 
CD X 
CD £ 
P 

X ^ 
CO 

CD X 


Td X 
CD X 
P 

■P X 
G G 

tn o 


CD X CO CN 
p fd fd 
CD 


X o 


g -p G 


- n CO 

Cn O Pm CD fd >i-P -p O <d G 
XPH^Piocdo 
x fd -p a) o £ -p 
x 


G 
■P X 
> 
o 
g 


G 

CD 

g 


o 

X 


P CO CD 
fd -P (D O g 
Xi co CD CM 
CD fd X XX >i O 
CO CD X CD O X g 


co co 

fd rH 
*P 
Td fd 
CD X -P 
P CD X 
Q fd 


p 

<d 

> 

CD 

X 


g X 
CD 

CD « 

> 

G 
•P 


> Td 
■P G 
P G 
CD O 
Td X 


938 


EXPERIMENTAL ARRANGEMENT FOR STATIC AND 
DYNAMIC INTERFERENCE STUDY ON SHUTTLE 
ABORT SEPARATION 



939 


SYNCHRONOUS 

MOTOR 




EFFECT OF INCIDENCE ON THE DAMPING-IN-PITCH OF 


w 

§ 


w 

H 

H 

§ 


0 

23 

H 

£ 

1 

Eh 

O 

H 

£ 

Eh 

Cfl 

w 

Eh 





G 





X 


03 

O 


0 



o 


X 

•H 


03 



X 


03 

X 

0 

G 



*H 

0 

03 

03 

03 

X 



04 

CG 


X 

G 

•H 

x— s 


1 

cd 

G 

rH 

X 

pH 

CO 


0 

0 

O 

•pH 

•pH 

04 



•H 

P 

•rH 

O 

rH 

e 

• 



O 

X 

CG 

04 

03 

X 

• 

CP 

G 

03 

O 

P 


0 

O 

G 

•rH 

rH 

1 

fo 

G 


VO 

*H 


rH 

03 


03 


• 

04 

o 

•pH 

0 

0 

0 

G 

rH 


X 

o 

O 

X 

6 

•H 


(3 


CG 

P 

X 



X 

03 

CG 

0 

O 


0 


0 


g 

1 

X 

G 




0 

0 

0 


•rH 

X 

• 

0 

XI 

0 

0 

rH 


G 

CP 

X 

X 

CG 

P 

0 

0 

0 

•pH 

0 



X 

03 

o 

CG 

PH 

03 

0 

P 


O 

G 

0 



o 

0 

rH 

g 

0 

p 

0 

U 


X 

0 

1 

P 

04 

0 

Q 

X 


03 

rH 

0 

0 

CG 


o 


O 

rH 

X 

P 

' — ' 

<d 

0 

G 

g 

G 

X 




x 


1 

X 

•rH 

0 

03 

CP 

x 

CG 

X 


03 

X 

0 

G 

0 

o3 

rH 

O 


0 

X 

•H 


pH 

03 

Q 

0 

03 

o 

03 

-p 

0 

X 

w 

X 


0 

G 

X! 

G 


< 

X 


04 

0 

Cp 

>i 

w 



<2 

X 

O 4 

■H 

0 

< 

0 

X 

s 

0 

CG 

i— 1 


s 

X 

O 



0 

cg 



X 


0 

0 

P 


tp 

0 


X 

X 

X 

P 

0 

G 

X 

X 

o 

Eh 


0 


•H 

EH 

X 

0 


G 

O 

>i 

CG 


•H 

X 


0 


rH 

03 


£ 

X 

• 

O 

0 

0 

0 

• 


0 

X 


X 

O 

P 

G 

X 


G 

X 

X 


U 

O 

G 

0 

G 

0 


0 

G 

•r| 

0 

X 

0 

G 

G 

03 

•pH 

X 

g 

X 

O 

CG 

0 

X 


CG 

0 


o 


X 


G 

03 

0 

G 

0 

CG 

X 


03 

X 

P 

0 


0 


O 



CP 

X 

o 


P 

0 

0 

0 

03 

£ 

X 

03 

0 

x 

i-H 

X 



G 

G 

g 

x 

•pH 

03 

03 

>i 

■H 

0 

0 

0 

X 

P 

O 

rH 



rH 

i 


0 

O 

i — 1 

G 

O 


x 


03 

CP 

03 

0 

CM 

X 

0 


O 


■pH 

M 

rH 

G 

i 

0 

g 

>1 

O 

0 

• 

0 

0 

G 


p 

0 

X 

rH 

O 

i — i 

o 

03 

0 

o. 



P 

Cp 

rH 


> 

CG 

CG 

X 

0 

G 

03 

G 


0 

•H 

0 

Ol 

0 


•pH 

G 






p 


•H 


G 

G 

O 

G 

0 

>1 



0 

0 

rH 

0 

X 

X 

0 

CO 

•H 

•H 


0 

•H 

•rl 

X 


X 

X 

X 

g 

X 

X 


• 

0 

0 

G 


p 

G 

O 

X 

rH 

1 — 1 

O 

0 

o 

03 

X 

0 

rH 

1 — 1 

X 

X 


G 


& 

*H 

•pH 

0 

Eh 

0 

O 1 

p 

— " 

O 

O 



X 


03 


CG 

CG 

0 


X 

X 

0 

03 

0 

0 

X 



o3 

04 

X 





MH 

X 

04 

03 

X 

X 

0 


o 

X 

03 

03 

0 

O 

X 


94 o 


EFFECT OF INCIDENCE ON THE DAMPING- IN -PITCH OF 
THE STRAIGHT - WING ORBITER ALONE 


SI 

CM 

i — 1 

« — 1 
o 

i — 1 

O 

o 

CD 

CD 

CD 

u 

- 

• 


*1 

O 

O 

O 



• on 


941 


DEG. 



STATIC INTERFERENCE EFFECT ON THE DAMPING-IN-PITCH 
















tr> 















X 




d 








a) 

1 

i 

1 




p 


CO 


•H 








43 

td 

p 

tn 


d 

0 

tn 


0 


Td 


0 





0 

p 

p 

CD 

d 

0 

0 

> 

d 


3 

p 

d 

0 

0 

P 




X 


td 

P 

O 

X 

•H 

0 

0 


rH 

o 

0 

P 

p 

O 




P 

p 

CU 

P 

i— i 

p 

P 

X 

rH 


fd 

0 

cu 

0 

p 

0 





O 


•H 



td 

td 



> 

p 

CO 

X 

i 

P 




P 


d 

Td 

CD 

p 

P 


0 

p 


p 

0 

2: 

0 

P 




0 

CO 

0 


X 

0 

td 

p 

X 

0 

o 

0 

P 

>i 

u 

fd 





d 

■H 

CD 

P 


cu 

0 

P 


& 


P 

P 

d 





0) 

o 

P 

X 


0 

0 

p 


p 

p 

0 

0 

0 

0 





o 

•H 

td 

p 

*» 

u 

CO 

•H 

O 

0 


o 

u 

> 

p 

rH 




3 

P 

p 


P 

d 


X 

P 

CO 

p 

d 


0 

0 

P 




0 

fd 

td 

o 

CD 

td 

rH 

p 



0 

0 

0 


p 

d 




CO 

d 

a 

p 

P 

p 

td 

o 

Td 

td 

p 

p 

X 

CO 

p 

td 




0 

■H 

CD 


CO 

CO 

a 


0 



0 

p 

•H 

0 

o 




P 

X 

CO 

rH 

0 

-H 

•r| 

0 

p 

Td 

d 

p 



p 

■H 




CU 

g 


td 

0 

Td 

P 

X 

p 

d 

S 

p 

Td 

P 

d 

p 





o 

0) 

3 

X 


P 

p 

0 

3 

0 

0 

d 

O 

-H 

•H 




Cl) 

o 

CD 

S 1 


rH 

0 


p 

0 

X 

P 

td 

0 


d 




43 


Pi 

CD 

a) 

td 

> 

p 

0 

P 

CO 

d 


P 

0 

tn 




P 

o 

X 


X 

d 


0 

p 

td 


•H 

CO 

P 

X 

-r| 





CM 

P 

CO 

p 

•H 

0 




CO 


P 

0 

P 

CO 




d 



td 


Td 

X 

a 

0 


•H 

o 

rH 1 







•H 

Pi 

0) 

£ 

p 

3 

p 

u 

p 


•H 

3 

CO 

P 

0 





O 

X 


0 

P 



0 

* 

KD 

P 

CO 

•H 

o 

p 




P 

P 

p 

X 


-H 

Td 

0 

£ 

< 

O 

td 

0 

X 




PS 


CD 



o 

p 

tn 

d 

X 



• 

P 

P 

P 

p 

>1 



P 

r d 

•d 

•H 

td 

d 

td 

p 

CO 

Td 

| 

CO 



d 

rH 


w 


•H 

a) 

d 

X 

X 

0 



0 

d 

II 


0 

P 

0 

0 


Eh 


XI 

P 

td 

£ 

p 

rH 


p 

o 

td 


0 

CO 

td 

o 

X 


H 


P 

3 





p 

o 

d 


v: 

X 

0 

X 

p 

•H 


g 


0 

CO 

d 

•H 

Td 

0 

0 


td 



P 

X 

p 

0 

rH 

• 




fd 

0 


d 

X 

P 

0 

P 



P 


cu 


P 

o 


tn 

a) 

-H 

0 

td 

P 

CO 

o 

CO 



• Ok 


d 


P 

0 

o 

LO 

d 

g 

P 

u 



o 

d 

-H 

<3 

Td 

LO 

d 

0 

a\ 

0 

> 


•H 


td 

d 

p 

o 

o 

td 

Td 


d 


0 

0 

CM 

d 

3 

53 

0 

£ 

CO 

P 

CD 

CD 

p 

X 

P 


tn 

td 

• 

0 

CO 



0 

H 

P 

i 

td 

3 

Td 

P 



CO 

d 

d 


Cr> 

S 


CO 

CO 

d 

s 

3 

fd 

& 

tn 

•H 

•H 

rH 

0 

•rH 

o 

•rH 

o 

*H 

P 

0 

T3 

•H 

td 

1 

tn 

-P 


•H 

O 

X 

td 

X 

Td 

-r| 

>1 

It 

CP 

0 

X 

0 


g 

<3 

■H 

rH 

p 

P 

d 

p 

3 

P 


P 

P 

•H 

X 


0 

0 


Eh 

P*H 

0) 

0 

d 

•H 

0 

tJ 1 


rH 

td 

td 


d 


d 

O 

Td 

d 

X 

’ — ' 

Td 

p 

0 



0 

P 

td 

P 

> 


•H 

0 

td 

XJ 

3 

o 

W 



CO 

o 

CD 

CD 


0 

o 

td 


O 


o 

o 

0 

p 

•rH 

Q 


a) 

O 


> 

X 

CO 


-rH 

cu 

p 

!L 

g 

d 




P 



43 

0 

CD 

*H 

P 

td 

a 

p 

0 

0 


(3 

0 

p 

0 

d 

fd 

P4 


-P 

X 

P 

P 


£ 

o 

p 

CO 



p 

p 

H 

CO 

Co 

p 

O 




■rH 

td 

P 



0 


p 

>i 

Cn 

0 


td 

td 

fd 



P 

Td 

P 

i — i 

0 

X 

0 

> 

X 

o 

X 

td 

p 


o 

g 

cu 



0 

P 

d 

CD 


u 

X 


P 

0 


-rH 

p 

• 



0 




td 

CD 

P 

CD 

*r| 

p 

0 

0 

p 

Td 

Td 

•rH 

0 

0 

p 

CO 



X 

d 



O 

X 


X 

cu 

p 

0 


Td 

d 

d 

td 




a 

td 

CD 

CD 

d 

£ 

Td 

p 


0 

d 

0 


0 


X 

p 



p 

o 

X 

X 

CD 


d 




-H 

p 

0 

rH 

d 

P 

p 



•H 


P 

P 

Td 


•H 

0 

• 

0 

P 

■H 

X 

td 

•H 


o 



0* 

tn 



•H 

<d 

X 

p 

p 

X 

0 

CO 

p 



p 

X 



1 

d 

P 

•• 

o 


0 


0 

Eh 

nd 

O 


P 

Td 

o 

fd 



d 

■H 

O 

CD 

d 

d 

X 

H 

P 



CU 

CO 

0 

d 





-H 

£ 


P 

-H 

0 


td 

CO 


CO 

g 

td 

P 

td 

p 

d 



1 

1 

£5 

CD 


•H 

p 

3 

o 

• 

d 

0 


•H 


o 

td 



tn 

P 


£ 

CD 

P 

0 

tr 

0 


o 

o 

T3 

X 

rH 

0 




d 


X 


X 

td 

p 

0 

X 


•rH 


0 

p 

rH 

p 

p 



•H 

CD 

o 

CD 

p 

P 

•H 



p 

P 

0 

d 

o 

td 

p 

0 



O. 

£ 

<d , 

CO 


td 

X 

CO 

0 

0 

•H 

X 

•H 

g 

0 




§ 

CO 

P 

CD 

d 

cu 

p 

td 

X 

p 

Td 

p 

td 

0 

CO 


CO 



Co 


P 

X 

CD 

0 

0 

£ 

P 

CO 

d 


P 

X 


d 

a 



Td 

>1 

td 

Eh 

0 

CO 




o 

o 

d 

X 

p 

>1 

< 

•H 




Pi 

i 


£ 


0 

X 

P 

0 

o 

o 

0 


1 — 1 

g 



0 

td 

p 


p 

rH 

X 

o 

0 

X 




p 

0 


fd 



X! 

d 

0 

• 

0 

td 

p 

■H 



rH 

d 

0 

> 

• 

d 



Eh 

o 

i 

CO 

X 

d 


X 

o 

0 

td 

N 

0 

p 

•rH 

CO 

>i 




•H 

CD 

p 


•H 

p 

£ 

u 

X 

d 

<3 

X 


P 

0 

Td 




p 

H 

CD 

0 

Td 

o 



P 

•r| 


P 

fd 

fd 

3 





td 

tn 

P 

o 

3 


Ok. 

0 


g 



p 

rH 

i — I 

0 




P 

d 

CD 

d 

p 

o 

N 

X 

P 

0 

P 

CO 

td 

0 

td 

X 




CO 

td 

g 

0 

•r| 

u 

< 

p 

o 

d 

O 

•H 

Td 

P 

> 

p 


942 



b ° 

£ t 

C/) Q- 


9^3 





STATIC INTERFERENCE EFFECT ON THE DAMPING-IN-PITCH 








p 

• 



CD 









>i 

CD 

a) 



> 

p 

Td 

• 






P 

X 

CO 

0 


CD 

£ 

£ 

p 





P 

<d 

CO 

fd 

CO 


£ 

0 

fd 

0 





0 

£ 

0 

0 

1 — 1 


0 

X 


X 





X 

0 

0 


fd 


X 


p 

■r| 

0 




CO 

•rH 

X 

<D 


CD 


CO 

CD 

X 

X 




O 

-P 


CO 

CD 

X 

•t 

id 

X 

p 





0 

fd 

Td 

p 

p 

X 

Td 

S 

CO 

0 

>1 




x 

-P 

P 

CD 

CD 


0 


0 


fd 





CO 

cd 

> 

£ 

Td 

X 

(D 

0 

CP 

g 




0 


£ 

a) 


£ 

0 

> 

X 

£ 





x 

0 

td 

p 

CD 

fd 

£ 

•rH 


-H 

CO 




x 

X 

0 


Td 



X 

CP 

£ 

X 





-P 


<D 

£ 

p 

CD 

id 

£ 

l 

£ 




x 


CP 

X! 

X 

CD 

X 

> 

•H 

X 

0 




0 

x 

£ 

X 

-H 

X 


•rH 

S 

X 

g 





O 

•H 


£ 

CO 

Td 

P 

1 

CP 

•H 




co 


s 

P 

CP 

0 

rH 

CD 

X 

•H 

p 




0 

a) 


0 

fd 

0 

£ 

Td 

X 

fd 

0 




1— 1 

0 

X 

X 

g 

X 

0 


CP 

p 

CM 




0 

£ 

CM 




X 

CP 

•rH 

X 

X 




p 

a> 

0) 

Td 

CD 

CP 

CO 

£ 

fd 

CO 

0 





CO 

£ 

CD 

g 

£ 


•H 

p 




w 


0 

CD 

CO 

P 

fd 

•H 

X 

CM 

X 

0 

0 


Eh 


X 

p 


£ 

01 

S 

H 

g 

CO 

X 

0 


CO 


X 

CM 

CD 

CO 


1 


fd 


X 

£ 


O 




X 

<d 

CD 

X 


Td 

0 


0 


O 


X 

CD 

X 

CD 

X 

X 

• 


X 

p 

P 


PQ 


X 

X 


g 

-p 

CP 


X 

X 

0 

0 




•H 

-p 

4-} 



*H 

CD 

fd 


X 

X 


Q 


S 


0 

a) 

>1 

fd 

P 

£ 

p 


p 


s 



X 


£ 

r— 1 

p 

CD 

0 

0 

CO 

0 


< 

X— > 

Td 

0 

X 

0 

CD 

X 

X 

•H 

X 

fd 

X 


53 

KD 

0 


O 


X 

CO 


CO 



£ 


c 


pi 

X 

X 

CD 

fd 


£ 

£ 

£ 

p 

*r| 


CJ 

cu 

p 

O 

■H 

X 

g 

<D 

S 

CD 

fd 

0 




p 

0 

CD 

CM 

-p 

•H 

X 

0 

g 

X 

X 

O 


o 

£ 

x 

X 



X 

X 

X 

■H 

X 

*H 

•H 


£ 

CP 

p 

X 

£ 

CO 

0 


CO 

Td 


X 

X 


H 

•H 

0 

CD 

■H 

fd 

p 

X 



p 

p 

fd 


s 

Pn 

CM 


I 


CM 

0 

X 

CD 

0 

0 

X 


1 



CD 

CP 

p 

CM 


0 

X 

X 


CO 


EH 


CO 

X 

£ 

a) 

fd 

CO 

£ 

X 

(0 

CP 



PM 


fd 


•P 

Td 


CD 



0 

£ 

W 




£ 


CM 

p 

MH 

> 

CO 

X 

0 

•H 

< 







0 

0 

•H 

X 

0 

X 

S 

S 


CO 


£ 

• 




X 

iH 



1 





0 

Td 

Td 

CD 

CO 

fd 

£ 

CD 

Td 

fd 

0 




■H 

a> 



-p 

> 

CO 

Td 

p 

X 

X 


o 


X 

CO 

(D 

!3 

0 


CD 

£ 

fd 

r— 1 

X 




td 

p 

X 

CO 

CD 

P 

P 

X 

£ 

0 





CP 

CD 

-P 


4-1 

CD 

— 

*H 

fd 

Td 

X 

• 



•H 

> 


CD 

M-l 

Td 


£ 

0 


0 

ID 



X 

<D 

£ 

x 

CD 


P 

CP 


0 





CO 

P 

0 

x 


CP 

CD 

fd 

0 

X 

£ 

Td 



a) 




CD 

£ 

X 

g 

X 

X 

O 

£ 



> 

P 

p 

X 

U 

•H 

*H 


X 


•rH 

fd 



£ 

CD 

0) 

0 

£ 

CM 

X 

CD 


p 

X 




■H 

-P 

*p 


CD 

g 

p 

X 

p 

0 

CM 





■pj 

•H 

CD 

P 

fd 

0 

£ 

0 

X 

•rH 




P 

X 

X 

X 

CD 

Td 


rH 

X 


P 

• 



fd 

P 

P 


MH 


CP 

O 


X 

O 

CO 



1— 1 

O 

0 

O 

P 

CD 

£ 

CO 

p 

CP 

CO 

X 



•H 



-P 

CD 

X 

•H 

X 

0 

•H 

0 

0 



a 

<d 

CP 


-P 

X 

S 

fd 

X 

X 

Td 





x 

£ 

Td 

£ 


1 


CP 






CO 

*p 


£ 

•H 

£ 

X 

<D 

•H 

CO 

Td 

£ 





S 

£ 


0 

X 

X 

X 

(d 

0 

•H 



C 

x 

1 

O 

O 


CP 

X 



1 — 1 





0 

fd 

4-1 

*H 

nd 

•H 


CO 

0 

•rH 

Td 





x 


X 

£ 

<d 

X 

0 

0 

fd 

£ 




Td 

rH 

CO 

fd 

£ 

p 

fd 

g 

•H 

X 

£ 




£ 

0 

fd 

x 

0 

X 

X 

•rH 


0 

O 




(d 

Td 


CO 

X 

CO 

X 

X 

X 

a 

X 


944 


STATIC INTERFERENCE EFFECT ON THE DAMPING 

IN- PITCH OF SWEPT- WING I TTUl 

CANARD BOOSTER Cm « 



BOOSTER ALONE 











03 



CD 




1 















(D 



(D 



> 


N 

P 

P 


04 




^3 

MM 








P 



P 



■P 



G 

CO 


G 

00 


rp 

•P 

CD 






>i O 



O 


MM 

P 



CD 

•p 

CD 




CD 

G 


CO 






rd 

MM 

P 

G 

CD 


0 

rd 


r- 

P 

CO 

o 

CD 


I 

> 

O 

** 

0 






e 

CD 

0 

rd 

04 



> 



CD 

G 

G 43 



■P 

O 

03 

rM 







P 

G 


X 

CO 

G 

■P 



MM 

O 

CD 



P 


G 

o 






<D 

Q) 


43 

CD 

CD 

0 

P 

>. 

CO 

MM 

o 

P 

0 


G 

rd 


rd 







rM 43 

CD 

O 


rM 

■P 

CD 

rM 

•P 

•P 


CD 

P 


rd 

> 



G 






p 

P 

r— 1 

G 

CD 

o 

■p 'd 

CO 


03 

>iMH 


P 


•P 

-CD 

P 

*P 






p 


O 

m xj 

*p 

u 


G 

>i 


rM 

P 

•G 

0 

no 

P 

£ 

CD 







G 

CO 

*H 



43 

G 43 

0 

o 

O JG 

CD 

G 

CD 

rM 

CD 

U 

P 

CD 






43 

•P 

rG 


>i CD 

G 

O 

G 

G 


CnP 

G 

MM 


'G 


■P 

rM 


EC 




10 


CD 

• 

rd 

> 

MM 

P 

0 

CD 

Eh 

•P 

G 

0 

MM 

+ 


CD 

43 

•P 

• 

U 





-P 

> 

CO 

£ 



•P 

P 

G 


43 

•P 

MM 

CD 


P 

> 

P 43 

P 

Eh 

>* 



CD 

H 


CD 


0 

Cr> axl 

O 1 






G 

as 

•P 

O 

s 

CD 

H 

»P 



43 


P 

-P 

CO 

S 

G 

1 

0 

CD 

• 

CD 

U 

CO 

CD 

CD 

43 

P 



> 

CM 

1 

CO 



P 


CD 

rd 

< 

P 

0 

G 

G 

P 

a\ 

P 

•P 

*P 

U 

CD 

P 

-P 

CD 

G 

G 

ID 




• 

43 

rM 



P 

•P 

>iM-l 

i — i 

rd 

P 


G 

£ 


CO 

43 

0 

CD 


O 



mm 

CD 

-P 

rM 


CD 

P 

1 

CO 


• 


rd 

P 

CD 

P 

G 

0 

P 

•P 

G 

H 

13 



o 

£ 

O 

-P 

• 

43 

CO 

Cd 


CD 

o 

CO 

P 

o 

P 

CD 

*P 

04 


P 

rd 

1 

O 




•P 


u 

z 

P 


G 

CD 

43 


P 

CO 

CD 

CD 

43 


s — ■ 

MM 

<d 

£ 

o 

05 



CO 

P 

CD 

CO 

CD 


rd 

•P 

43 

P 

It 

rM 


MM 

MM 


G 


0 

rM 


13 

W 



P 


43 

o 

O 

G 


fx-p 



G 

CD Mm 

P 

CD 

0 

CD 


rM 

G 

H 

U 



g 

CD 

P 


G 

CD 

G 

g 




CO 

43 

CD 

CD 

P 

-P 

G 

CO 

■P 

0 

pb 

53 



CD 

£ 


-p 

CD 

43 

CD 

r3 

mmo 


CD 

P 


P 

rd 

P 

*P 

O 

O 

•P 

§ 

>H 



a 

rd 

MM 

■p 

P 

£ 43 *-0 

0 

C* 

N 

P 


CD 

G 


rd 

& 

-P 

CO 

P 


CO 



0 

CO 

O 


CD 


P 



• 

<3 



a 

*P 

43 

•p 

£ 

P 

0 

rd 

Q 




a 



C ‘H T3 


CD 

CD 

rM 


CD 

G 

G 


O 

P 

rd 

CO 


P 


u 



S 

CD 

(D 

CD 

P 

CD 

CO 

43 

O 


03 43 

rd 

CD 

O 

•P 

rd TJ 

•p 

CO 

rd 

W 

13 

P3 


O 43 

O 

43 

Q) 

O 

■P 

P 

G 

CD 

G 

P 


P 

•P 

43 

> 


p 

G 

04 

EC 

H 


O 

-p 

G 

£ 

P 

G 



CD 

P 

rd 


CD 

CD 

P 

£ 


CD 

CD 

O 

CD 

Eh 

Eh 

pa 



CD 


G 

G 

P 

CD 

CO 

rd 


03 

G 

MM 

rd 


CD 

> 

P 

G 

CO 


C 

Eh 


O 

p 

CO 

O 

•P 

0 

o 

P 

<D 


MO 

G 

rM 

P 

P 

CD 

CD 

•P 

O 

0 


53 

*1 

CO 


£ 

cd 

CD 

CO 


G 

CD 

(D 

P 

CO 

o 

rd 

rd 

CD 

CO 

> 

P 

P 

rd 

P 

P 

O 

P 

O 

r- 

P 


P 

rM 

O 

O 

MM 

53 

04 

CD 

• 


> 

P 


•P 

rd 

rd 

P 

43 

P 


H 

O 



CO 

a rd 

•P 

P 

MM 



03 

o 

CO 


G 

CD 

P 

i — i 

CD 

rd 

O 

0 

Eh 

u 

P3 

a) 

a) 

G 



g 

04 CD 


CD 

G 

1 

P 

CD 

*P 

43 

rd 


CD 

43 

G 43 

O 

CO 


P 

43 

0 

CD 

P 

rd 



• 

43 

P 


G 

CD 


P 

> 43 

G 

O 

>i as 

w 

o 

pa 

G 

-p 

•H 

43 

G 

G 

P 

CD 

CO 

P 

■P 

II 

CD 

P 

O 


•P 

o 



CO 


Pm 


w 

tD 


-p 

-P 

43 

>i 

CO 

43 

G 


rM 


£ 

MM 

■P 

G 

P 

G 

CD 

P 


CD 

Pm 

05 

EH 

-P 

p 

o 



03 

0 

Eh 

0 

G 


CD 

1 

g 

rd 

CD 

cn 

CD 

43 

g 

43 

pa 

pa 


Pm 

CD 

£ 

MM 

>i 

z 

£ 


*P 

•P 


P 

CD 

CD 

43 *G 


P 

CD 

p 

P 


EH 

ffi 

> — 

> 


O 

P 




P 


rd 

X 

G 

a 

G 

P 



rd 

•P 

O 


w 

H 

Eh 


G 

>i 


rd 

£ 

CO 

• 

O 

G 


<3 

CO 

G 

>1 


CD 

• 

rM 

rM 

MM 

>i 

u 

eg 

H 


CD 

P 

P 

G 

P 

•p 

>H £ 

S X3 


rd 

CD 

TS 

P 

G 

CD 


Mm 

P 

rM 

13 

2 

£ 


G 

O 

O 

O 

CD 


O 


o 

P 

a) 

CD 

p 


CD 

•P 

G 

MM 


CD 

rM 

W 

o 



rd 

P 

CD 

•P 

P 

p 

G 

0 

43 

0 

p 

£ 

CD 

CD 

tn Cu>h 

0 

CD 

a m 

2 




£ 

rd 

MM 

P 


u 

CD 

£ 

CO 

PQ 

rd 


MM 

43 

P 

g 

rd 


43 


O 

w 

a 




i — 1 

MM 

rd 

CD 

CD 

G 

p 




CD 

P 

Eh 

rd 

rd 

> 

CD 

P 

03 

•P 

Pm 

13 



G 

i — 1 

CD 

P 43 

MM 

O 1 


to 


CO 

43 

CD 


H 

T3 


O 


CD 

P 

2 

H 



O 

•P 


CO 

P 

MM 

<D 

CD 

•p 

• 

CD 

P 

P 




CD 

G 

G 

CD 

*p 

pa 

£ 



•H 

O 

CD 



CD 

P 43 


P 

O 


G 

• 

CD 

CD 

CD 

CD 

0 03 

p 

Eh 

1 



-P 

CO 

43 

CO 


MM 

P 

p 

CD 

G 

P 

•P 

T3 T3 Xi 

P 

P 


G 

o 

13 

< 



rd 

0 

-P 

•p 

43 

CD 



CD 

P 

rd 

0 


CD 

G 

P 

MH 

P 

CO 

*P 


H 

E< 



p 





U 

CD 

G 

P 

CO 

P 

MM 

tn P 

P 


1 

G 

P 


p 


►a 



as 

£ 43 

CD 

CD 

G 

£ 

CD 

■P 

0 

CO 


G 

rd 

■P 

MM 

CD 

O 

O T3 

o 

U 

pa 



P4 P 

CO 

rM 

P 

CD 

rd 

CD 

43 

0 

*P 


*P 

O 

G 

0 

O 

U 

CD 

i — 1 

CD 

H 

Q 



CD 

0 

•H 

O 

CD 

P 

CO 

£ 

P 

43 

03 

CD 


•P 

CD 


G 

0 

MM 

G 

mm 





CO 

MH 

rM 

•P 

43 

CD 


P 

O 



>i fl T5 

rd 

CO 

CD 


MM 

0 

Mm 

Sj 

Pm 




P 43 43 


MM 

<D 

CD 


03 

G 

0 

0 

G 

£ 

CD 

P 

CD 

CD 

S 

rd 

53 

O 



i — 1 

CD 

<d 

CD 

03 

P 

43 43 

CD 

P 

0 

1 — 1 

04 

rP 


G 

CD 

43 



03 





rd 

04 -P 

> 

(D 

CD 

P 


G 

rd 

*P 

04 

CO 


MM 

rM 

MM 

P 

P 

CO 

Q 




3 


CO 


P 

P 


CD 

-P 

G 

P 

£ 

CD 

O 

0 

rd 

P 


G 

CD 

rM 





-P 

0 

CD 

P 

0 

G 43 

rM 


rd 

rd 

CD 

P 

CO 


> 

CD 

>i 

rd 

rM 

G 





O 

P 


rd 

G 

•P 

P 

Cd 

l 

O 

P 


P 

rM 

CO 


P 

rM 

O 

O 

0 





rd 


O 

43 

CD 


•P 

G 

rd 


rd 

CD 

0 

rd 

P 

G 

G 

rM 

-P 

-P 

O 






03 

P 

P frt 

O 

$ 

rd 

P 

Cn 

' O 

i P 

U 


CD 

*P 

•P 

rd 

MM 

43 






g 

CD 




•P 



rM 

G 

CD 

CD 


CD 

TS 



•P 

*P 

CD 






(d 

P 

>i G 

CO 

£ 

0) 

CD 

CD 

-P 

CO 

S 

CD 

p 

P 

CD CD 

a 

G 

> 

>i 






U 

P 

CD 

•P 

53 

P 

CO 

03 

P 



43 

rd 

O 

G 43 

CD 

CD 

P 





G 

CD 

rd 

43 


G 

rd 

rd 


rd 

CD 

CO 

Eh 



■P 

P 

Oi 

•P 

0 

•P 





H 

04 

CO 

£ 

P 

>1 rM 43 

CD 

rM 

x: 


P 

0 

P 


CO 

CO 

£ 

£ 






X 

CO 


O T3 

i — 1 


rM 

P 

0 


O 

£ 

i — 1 

CO 

CD 


P 

■P 






CD 

CD 

>i CD 


•P 


P 

-P 


43 

• 

CD 

P 

G 

CD 


CD 


X 







O 

rM 

MM 

CD 

o 

CD 


O 

o3 

P 

P 

MM 


CO 

£ 

Tl 

> 

CD 

o 






(D 

CD 

G 

MM 

43 

CO 

43 

MM 

CO 

G 

CD 

G 

MM 

O 

CD 

•P 

G 

aS 

43 

p 






43 

G 

0 

a) 

P 

o 

P 

0 

0 

rd 

£ 

CD 

CD 

P 

P 

P 

rd 

43 

P 

04 


946 


DYNAMIC INTERFERENCE EFFECT ON THE DAMPING -IN -PITCH 
OF DELTA-WING ORBITER OSCILLATING SYNCHRONOUSLY 

WITH THE BOOSTER 



947 


PHASE ANGLE-ORB I TER LEADING, deg. 



o 

3 

HP 

3 

u 

Eh 


O 

S3 

H 

Eh 

3 


cp u 
ca 


u 

H 

< 

Eh 
CO 

w 

3 
Eh 

S3 
O 

Eh 
U 
W 

Fn w 
W Q 

W P 4 
U O 


O 

3 

3 W 
W Eh 
CO 
O 
O 
PQ 


PQ 
3 
O 

W 

O 3 

S3 Eh 


& 

I 

< 

Eh 

X 


3 

§ 

W 

£ 

w 

Eh 

3 

HP 

U 


3 

>h 

Q 


W 

> 

H 

EH 

§ 

H 

3 

W 

Q 

Eh 

3 

W 

§ 

S 


3 

Eh 


>h 

X 

CO 

D 

O 

3 

O 

3 

3 

O 

3 

S* 

CO 


CO 

(U 

M 

to 

■P 


0 

X! 

X 


X 

O 

0) 

U 

Cl 


rtf 

P d) 

G XI 
X 

rtf O 
C X 

0 Ttf 

x 0 0 
•h -P p *r) 
o a G 
<D rtf 
O 0 
XX- 
d> ' 


a 

8 


0 
P 
O 

4-1 XI 
d) 0 
P 

0 0 
(U X rP 

W -P 


X 

O • U d) 

X ^ >i-H X 

0 Ttf X X X 

a P 3 £ rtf X 

X H X 


X 

CO 


P 
CD 
-P 
CO 
O d) 
O X 
X 


G 0 
G X 
OP dJ 
*P O g 

X r3 
rtf P P 
Qa P 0 rtf d) n3 

g rtf m 

rtf 04 P 0 

X 0 O G X 

d) CO OP 

0 -P 0 

d)tf XXX 


CU 
X 
X 

CO 
G G 
rtf O 
X -H 
X X 

*H 
d) T3 


>iX 
rtf rtf 

6 5 


i — I 

a 

•p 

x 

d) 

> 


d) 
d) 
P 
P x 


G to 
X H G 
rtf O 
K* *P 
•P • X 

p r o *p 
CD 0) *0 
T3 O G 
G O 
X V O 
G d) 

(U PH 
g rtf 
O >iX 
£ «H G 
X d) 
to rtf £ 
G 0-P 
•P P P 
X to d) 


CoX 

G 

•P X • 
PGP 
G 0 0 
X X 
X to 
0) O 
d) O "0 
C0 G X 
P rtf 
P d) 
rtf X X 
O X 
>i G 
rtf 0 X 

s o 

o 

CO X TJ 

G 

d) 


to 
G 
O 
■P 
X 
to rtf 
G rp 
P rp 

O-P 


0 

X 

X 

CO 

s 

O 


rtf 


- X G X rtf 
0 X rtf p -p 
> X rtf 

O 04 U 
0 -P 
co to g 
•P ru 
0 G 

G X E>i O G 

OX-dP £ 

*P X O X 

XX 0 -P Ttf 
O OXtf & 

G X G tf O X 
O 0H U 
to o £ x -p 

G O XX 

PXH>i^O 
P rtf - ‘ 


to G 
O O 
■P 
toX 
G rtf 
P P 
to rtf 0 
P 04 g 
0 -P 
co X 


G 

O 


n3 
0 
p 

X 
CO o 
■P G 


0 

> 

■P 
X 
rtf 

to 0 
0 > 

G -P 
^ X X 
0 P O 
to >1 O 

PHdtf 
rtf rtf 
H *P 
Qa P 
rtf O 
P X 


O 
X 

0 
i — I 

X 
rtf 
P 
rtf G 

Qa O 

g -P 




G 
0 
X 

X X rP 

O G 
>i O 
rtf to X 
g 0 to 
to 

rtf X 
X U 
CO *P 
X 

>i £ 


co 
P 

0 rtf 
X -P 
0 X 
g P 
rtf 0 
P Gtf 


rtf 


X 

O 

e 


rtf -P 

Qa 

0 

G X 
O X 
•P 

X X 


o 

•P o 
g *p 
rtf X 
G to 
>i-P 


0 TJ 

rp 

rtf — 
O X 
CO G 
rtf 

>i O 


rtf X P P 


P 
to rtf 
G 0 
■P 

to 0 
P X 


G X 


O 


X GtfX 
X X 

*a 0 


p 

o P 

x o 

rtf X 


0 
P 
G 
0 Ttf 
0 0 


04 - tO 0 rP p rP O 


0 

1 

X 

X 

0 

X 

0 

G 

X 

X 

0 

■p 

rp 

rP 

0 

HP 

*p 

X 

0 

P 

0 

rtf 

rtf 

X 

0 

to 

1 — 1 

O 


04 



G 

p 

to 

> 

-P 

0 

G 

rtf 

G 



>im 


•P 

•P 

X 

0 

rtf 

g 

0 

• 

0 

rtf 

0 

•P 

0 

X 

0 

p 



0 

P 

P 

•p 

g 


X 


0 

O 

0 

0 

0 


0 

0 

X 


X 


rtf 

0 

G 


X 

0 

X 

X 

X 

rtf 


0 

0 


> 

O 

0 

X 

rtf 

O 

p 

0 

X 

P 

0 

G 

>1 G 

O 

X 


X 

G 

0 

0 

0 

0 


O 

rp 

■P 


X X 

04 

g 

X 

0 


X 

0 

-P 

X 


0 


X 


G X 

0 

•P 


> 

rtf 

0 

X 

X 

-p 

rtf 

rtf 

•P 


X X 

r3 

0 X 

rtf 

•P 

0 

s 




0 

X 

P 

0 

P 

O 

£ 

G 



X 

0 

rP 

X 


O 


04 P 


tO G 

z 

rtf 

*P 

rtf 

X 



0 


O 4 X 


0 

G 



Ej 


0 

0 

X 

0 


0 

0 

•p 

•P 

0 

P 

p 

X 

O 

X 

X 

X 

0 

0 

P 

X 

1 

G 

0 

O 

0 

G 

X 


X 

•P 


O 

0 

0 

0 

X 

G 


0 


P 



0 

X 

g M 

Qa 

-P 


X 

P 

X 

O 

G 

0 

G 

0 


O 

Qa 

X 

P 

rtf 

0 

0 

X 

•P 

G 

O 

P 

>1 0 

rtf 

p 

0 

X 

X 




rp 


0 

p 

rP 

X 

0 

X 

P 

>1 

0 

0 

rtf 

>iX 

0 

z 



G 


0 

0 

0 

rtf 

> 

rp 

X 

X 


G 

0 

G 

G 

X 

G 

*p 



G 


rtf 

P 

P 

X 


rtf 

G 

0 

rp 

0 

0 

O 

0 

rp 

0 

G 

X 

>iX 

■P 

G 

Qa P 

•P 


p 

rp 

X 

X 


O 

X 


tO Oi 0 X X 

rtf 

•P 

■P 


0 

G 


O 

0 

rtf 

X 

Eh 

O 

0 

O X 

G 

0 

0 

P 

•P 

P 


0 


•P 

04 

0 

P 

■P 

G 

G 

0 

g 

X 

X 

g 


X 

04 0 

0 


•P 

trx 

rtf 


O 

rtf 

• 

S 

rtf 



0 

CA 

0 

to 

G 

0 

■P 

P 

0\P 



0 

0 

*P 


p 

■P 

>iX X 

rtf 

O 

X 

X X X X 


X 

X 

fD 

X 

£ 

am 

0 

HP 

X 

X 

X 


0 

> 

P 

O "G 
■P 

P 0 
0 -P 
OiX Ttf 
X 

rtf 0 
- 0 
to G 
G O 
-P -P 
P X 
G rtf 

T 3 rp 


P 
rtf £ 
C4 
0 
0 


X X 
O 


X 
G 
0 
g 

•P 
P — 
0 0 
O 0 


G rtf 
to G 
•P -P 
0 X 


rtf X 
> 0 


O 


G 

rtf 


0 

X 

X 




0 
P 

o 
- g 
^ p 
0 0 
P X 
G X 
0 P 
rtf G 
0 X 

g 

G X 
0 HP 
0 


>i-P 

x u 

•p 0 

g o 

•p 

x x 

o o 

p 

a 0 

0 


p 

0 
X 
X 

p x 
O G O 
-P X 
X X 
0 0 o 
> T5 0 
0 X 
0 X 
G 0 


0 Ptf 
0 0 
0 X > 
C40P 
rtf O O 
> X O > 
P X G 
0 -P 
Qa 0 

t -A e 

X X 0 


o 

X 


G X 

O O 


G 
0 
0 

O £ 
>iX 
O 0 


G 0 
O X 
■P X 
X 

0 X 

0 o 

G 

& G 
O 


0 
04 0 
O rp 

O 
-P 
X 
0 
> 


rtf 

P 

0 

> 

0 

0 

P 

O 

X 


G X 
O 0 
■P 
X 

rtf X 

rP X 

G O 
g X 
*P G 

0 X X 

o 

U P 

*P G 0 

g 0 rp 
G > rH 
G 0 rtf -p 
>i g X -P 

tf P 0 P G 
O O 
rtf — ' X 
O 0 
G X 
g X 


P 

0 

X 


- P 
rtf 0 
X X 
rtf -P 


P 

04 

0 

o 


rtf 

X 

O 

0 

g 


>iX X 


X 

0 
rtf 
X 

0 
P > 

0 0 
X 
*P 

X >1 O 0 
P rtf 5 X 
O g X X 


0 0 
P X 
H Eh 


O 
O 

rtf 

O 
X 

Ttf 
rtf 
0 0 
rp 0 


G 

P 

g 
P 
0 
X 
0 

• 0 

G X 
O X 
P 

X 0 
rtf Ttf 
P G 
rtf rp 

04 O 

G 

P 


fdGXH OX 


CP 

p 


P X 

HOrtfX 
rtf X O 

X 0 O 0 X 

G X P X 

0 X O 4 X 0 
g — 0 X 

•P X X 

P O 0 0 

0 X O X 

O 4 0 X 
X 0 
0 -P X 
X o 
p 

0 >1 p 

04^ 0 

0 G X rtf 

P X G G 

01 0 -P rtf 


0 

X 

X 

G 

O 


G 

0 

P 

0 

X 


0 

P 

0 

>1 


948 


This derivative is presented here without any correction for possible half- 
model effects, which are not likely to affect the trends discussed in 
this paper. 
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EFFECT OF ORBITER AMPLITUDE ON ORBITER DAMPING 
FOR THE TWO MODELS IN SYNCHRONOUS OSCILLATION 
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DELTA WING SHUTTLE AT MACH 2 AND a = 0°. 



Figure 11 
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Figure 13 



DELTA-WING SHUTTLE LAUNCH CONFIGURATION 
EFFECT OF MACH NUMBER ON THE DAMPING-IN-PITCH 
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Figure 14 


DELTA-WING SHUTTLE LAUNCH CONFIGURATION 
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RATIO OF NOZZLE EXIT PRESSURE TO FREESTREAM PRESSURE 
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4X Reversal film at 1500 frames per second was used for the entire film 
The Mach number was 2.0 and the Reynolds number per meter was 12 million, 
single frame from case no. 4 is shown here. 



SHADOWGRAPH HIGH SPEED MOTION PICTURE 
OF DELTA -WING ORBITER AND BOOSTER 
IN SIMULTANEOUS OSCILLATION 
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Figure 16 


IN THE RANGE OF EXPERIMENTAL CONDITIONS INVESTIGATED THE FOLLOWING APPLIES: 
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WITH SIMULATED PLUME EFFECT. 
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1 . General Remarks 

In order to be able to understand Germany’s great interest in a 
participation in the Space Shuttle system, at first some remarks 
should be made regarding the work so far performed in Europe. 

Stimulated by professor Sanger’s concept of a space glider at the 
end of the Second World War, German space activities started 
approximately in 1962 with first studies on a space transporter system 
within our national program. (Fig. 1) 

These studies, which went more into depth from year to year, showed 
that the costs of such a European Space Shuttle (Fig. 2) were definite- 
ly too high. In 1966 a further joint German/French study (Fig. 3) 
investigated, besides the financial problems, also the technical as- 
pects. The estimated costs at that time, amounting to approximately 
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20 billion German marks (approximately 5 billion ^ ), were extremely 
high for European standards. At the same time, the structural weight 
uncertainties became quite evident during the layout of an orbiter, 
thus adding to the overall technical uncertainties. The orbiter, en- 
visioned at that time, should have been capable of transporting a pay- 
load of approximately 3 tons into a 500-km circular orbit. However, 
the great uncertainties concerning structure, engines and thermal 
insulation did not justify a continuation in this direction. 

For these reasons, all plans so far made have been changed complete- 
ly. The new course was directed to detail investigations in the field 
of re-entry vehicles, as the basis for future design and development 
concepts in the direction of a space shuttle. Fundamental investigat- 
ions concerning re-entry vehicles have been performed in the fields 
of: 

aerodynamics, 
aerothermodynamics , 

- flight mechanics, 
attitude control, 
flight control, 
structures, and 

- free-flight tests. 

This program permitted the continuation of work to acquire realistic 
data in the field of aero-space transporters. 

This program offered also the opportunity to test the wind tunnels, 
which have been rebuilt between 1960 and 1970, thus step by step 
measurements, from subsonic to hypersonic speed, could be made 
(Fig. 4, Fig. 5, Fig. 6). 
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2. Preliminary Work Regarding Re-Entry Problems 


In 1966 extensive theoretical investigations started regarding the 
configuration of re-entry vehicles. The first comprehensive computer 
programs in the field of aerodynamics and aer other modynamics have 
been furnished. Then the first configuration of a lifting body configu- 
ration - LB 1 - (Fig. 7) has been elaborated to such a degree that 
wind tunnel measurements (Fig. 8) could be made. These wind 
tunnel measurements showed that, in particular, the lateral stability 
was insufficient, which necessitated improvements of the stabilizers. 
Further developments and improvements led to the version LB 10 
(Fig. 9), which was also tested in the wind tunnel. The lateral stabi- 
lity was, indeed, improved, but further modifications were necessary, 
thus, finally, the configuration LB 21 (Fig. 10) led to satisfactory 
results. LB 21 was tested under sub-, trans-, super- and hypersonic 
conditions. During all tests, LB 21 showed sufficient stability (Fig. 11). 
For subsonic flight an additional central fin became necessary, which 
had not been foreseen in the original concept. 

Apart from the aerodynamic investigations, flight mechanical analyses 
have been conducted, utilizing comprehensive computer programs. 

The first subsonic flight tests with a 10 ft. free-flight model (Bumerang) 
for parachute landing (Fig. 12) have been successfully completed off 
Heligoland (North Sea/Germany) and Sardenia (Mediterranian/Italy) 
(Fig. 13, 14, 15). The flight tests and their evaluation showed an 
excellent flight behavior for a center of gravity location at 52 %. The 
results of the flight tests exceeded, particularly in the case of high 
angles of incidence, all expectations with regard to the flight quality 
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The Fig. 16-17 show the recuperation phase of the lifting body 
"Bumerang" . 

For hypersonic flight we regarded aerothermodynamic investigations 
as very essential. Therefore, computer programs were established 
for the calculation of temperature distributions on the flight ve- 
hicle; moreover, corresponding wind tunnel measurements have been 
made (Fig. 18). In addition to these investigations, first steps to- 
wards the development of a re-usable thermal insulation system were 
made, especially regarding the hot nose region. (Fig. 19, 20, 21). 
Various materials on the basis of ceramics were tested in the exhaust 
of a rocket in a horizontal test stand and evaluated. 

All these activities were directed towards the construction and testing 
of a r e-entry vehicle of approximately 3. 10 m length and a weight of 
approximately 600 kg - to establish a basis for a potential future design 
of a space shuttle system. 

When in 1969 the first news about an American Space Shuttle arrived 
and the American invitation for a cooperation was received, there 
were already existing teams, at least in Germany, with considerable ex- 
periences in this field. It may well be that our national program, which 
foresees subsonic to supersonic free flights in the following years, 
will be reduced or even stopped in favor of a full participation in the 
Space Shuttle program. 

These were, in general, the background and prerequisites, which have 
led to our involvement and participation in the US Space Shuttle Pro- 
gram. 
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3. Cooperation with MDC in the Space Shuttle Phase B. 


The objective of our cooperation with MDC during Phase B was to 
obtain in-depth first-hand impressions of the problems /'elated to 
the Space Shuttle. Only if the real problems are identified, precise 
ideas can be conceived, as to the contributions Europe is factually 
able to make - and ought to make. An effective cooperation had, 
therefore, to be established, in order to become really well acquaint- 
ed with the new problems. 

This goal was achieved in the following manner: 

a) Full integration of ERNO personnel into the MDC project 
teams (Fig. 22), where our team leader was participating 
in all essential meetings; 

b) Construction of wind tunnel models for wind tunnel measure- 
ments in Germany and preparation of free-flight tests on an 
orbiter model; 

c) elaboration of proposals, as to which parts can be built in 
Europe. 

Thus effective contributions have been made during Phase B, care- 
fully avoiding duplication of work. 

Furthermore, it was demonstrated that, on the other side of the 
Atlantic, wind tunnel models (Figs. 23 and 24) can be built in very 
short periods of time, and wind tunnel tests data can be 
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transmitted quickly and efficiently. These tests have been made at (Fig. 25) 
the DFVLR (Deutsche Forschungs- und Versuchsanstalt fur Luft- und 
Raumfahrt = German Research and Test Establishment for Aero- 
nautics and Astronautics) in Porz-Wahn and, later, in Gottingen. The 
test data were transmitted daily by telex. 

The following test programs have been performed: 

- 6-component measurement with 3 alternate 
wing configurations and 2 different vertical 
tails in the DFVLR low speed tunnel; 

- 6-component measurements with engine simulation; 

- flow field visualizations; 

- boundary layer measurements; 

- at present, preparations for transsonic 
measurements are under way. 


Additional free-flight tests will support the aerodynamic and aeromechanic 
investigations in critical flight regimes (Fig. 26). 
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Apart from this immediate support during Phase B, our most essential 
aim, namely the "determination of potential German or European 
orbiter components", has been consistently pursued. Speaking in 
more detail, the work performed has been based on the following 
philosophy; after an initial cooperation period of about 6 months, a 
carefully selected additional group was assigned to MDC, to identify 
orbiter structural components, which could realistically be built 
in Europe or Germany, respective^ within the time schedule and on 
the basis of the technology requirements. This second team, which 
consisted of specialists in the fields of manufacturing, design, 
materials and structures, selected the following components: (Fig. 27) 

- Vertical Tail 

- Payload Door 

- Nose Section 

- Wing Structure (as a joint European project). 

A corresponding report was submitted to the Federal German Ministry 
of Education and Science, and, in October 1971 ,a presentation of the 
preliminary results has been made. 

The careful selection of components, regarding the existing technical 
and financial potentials, has considerably strengthened the credibility 
that a substantial contribution is feasible, especially, since the 
sizes of the components selected are of the same order of magnitude 
as the components for the European Airbus (Fig. 28, 29) 
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4. Conclusion 


The example of the ERNO-VFW-F OKKER activities should serve 
to demonstrate the work so far done and the potentials existing in 
Europe for a Space Shuttle participation. 

From the technical point of view, a European, respectively, German 
participation should come to existence. This necessitates a participat- 
ion in the orbiter development with regard to technology, management 
and experience. A participation would , furthermore, enable Europe or 
Germany to contribute experiences in the fields of aerodynamics and 
ae rothe r modynami cs . 
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FIG. 3 NA-SNECMA- ERNO HORIZONTAL TAKE-OFF 
SPACE SHUTTLE CONCEPT 1966 



FIG. 4 SUBSONIC WIND TUNNEL DFVLR POKZ-WAHN 
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FIG. 5 TRISONIC WIND TUNNEL DFVLR- PORZ-WAHN 



FIG. 6 HYPERSONIC WIND TUNNEL 
DFVLR-AVA- GOTTINGEN 
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LIFTING BODY CONFIGURATION LB 10 



C.G.AT 55% L B 


Cm* 



MACH NUMBER 


FIG. 11 LB-21 WIND-TUNNEL-TEST-DATA 
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FIG. 12 FREE-FLIGHT-MODEL LB-21 BUMERANG 



FREE-FLIGHT OF L.3 21 BUMERANG 



FIG. 16 LB-21 BUMERANG ON A PARACHUTE 

SYSTEM 



FIG. 17 RECUPERATION OF LB-21 BUMERANG 
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FIG. 23 ERNO SUBSONIC WIND TUNNEL MODEL OF THE MDC ORBITER 
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FIG. 24 ERNO TRANS-/SUPERSONIC WIND TUNNEL MODEL OF THE 
MDC ORBITER 


FIG. 25 SUBSONIC WIND TUNNEL TEST WITH ABES 
SIMULATION AT DFVLR PORZ-WAHN 
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FIG. 28 EXAMPLE OF A SUBASSEMBLY JIG 
(AIRBUS A 300 B) 



FIG. 29 SKIN PANEL ADAPTION AND DRILL JIG 
(AIRBUS A 300 B) 
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the 040A is a reasonable point of departure; it can, with the inevitable modifications, do the 
mission, and I think, do it very well. There are known problem areas and some question marks, 
but we understand the fundamentals which lead to the solutions. Many of these solutions will 
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Some areas requiring a better understanding were not discussed today, but hopefully will be 
in the next conference. Two of these areas come to mind: 
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